In recent years many efforts are being made to separate Cu from steel scrap and to remove Cu from steel melt by various methods.
But generally speaking it is not easy to separate and remove Cu at low cost. Therefore it is also important and beneficial to make efforts to find other ways using physical metallurgy to reduce the problems due to Cu in mechanical working.
It is well known that addition of nickel is effective to suppress the surface hot shortness. Addition of nickel increases the solubility of Cu in austenite and melting point of Cu-enriched phase. Therefore addition of nickel reduces the amount of liquid Cu-enriched phase and suppresses the surface hot shortness. Removal of nickel in the current refining process, however, is difficult. In addition nickel is expensive. So, other ways of the suppression of the shortness are desired.
In the present research effects of carbon and phosphorus on the surface hot shortness are In Fig.4 the parameters Ep, Ep' of the steels of series 1 are shown. Both in air and LNG combustion atmospheres, difference in the values of Ep and Ep' among the steels is small, although the vales of Ep and Ep' increase in both atmospheres as the contents of C and P decrease.
In Fig.S , the parameter Ep of the steels of series 2 is shown.
As the content of C decreases, the value of Ep increases. By addition of 0.1% P, the value of Ep decreased to the level of 0.5%C. III-6. Effects on oxidation rate Figure 6 and 7 exhibit the increase in the weight of the steels of series 1 in air and in LNG combustion gas respectively. In two atmospheres, the effect of C and P on the rate of oxidation is Fig. 6 . Changes in specimen weight in air. Fig. 7 . Changes in specimen weight in LNG combustion gas.
reversed. In both atmospheres, the effects of C and P on the susceptibility to the surface hot shortness cannot attribute to the effects of these elements on the oxidation rate.
III-C. Effects on microstructure
Optical microscopy was carried out for the steels of series 1, but no clear difference in the amount and the morphology of Cu-enriched phase at the steel/scale interface was observed among the steels. III-D. Effects on penetration of liquid Cu into austenite grain boundaries In Figs.9 and 10, load-elongation curves of specimens implanting a Cu rod are shown. At both strain rates Steel B showed the maximum rupture strength. Steel A (low P) shows the intermediate value and steel C (low C) shows the minimum rupture strength. Therefore, in the steels of series 1 the effects of C and P on the susceptibility to the surface hot shortness can attribute to the effects of these elements on the penetration of Cu-enriched phase into austenite grain boundaries.
In the steels of series 2, the surface hot shortness becomes severe as the content of C decreases as shown in Fig 5. And it is clear from Fig.5 that the addition of 0.1% P is effective to suppress the surface hot shortness in the ultra-low carbon steels.
IV. CONCLUSION
Results can be summarized that in steels of lower contents of C and P surface hot shortness becomes severe and this is mainly explained by the effects of C and P on the penetration of Cu-enriched liquid phase into grain boundaries.
